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Abstract
We study the decoupling effects in one-loop corrected N = 1 supersymmetric the-
ory with gauge neutral chiral superfields, by calculating the one-loop corrected effective
Lagrangian that involves light and heavy fields with the mass scale M , and subse-
quently eliminating heavy fields by their equations of motion. In addition to new non-
renormalizable couplings, we determine the terms that grow as logM and renormalize
the fields and couplings in the effective field theory, in accordance with the decoupling
theorem. However, in a theory derived from superstring theory, these terms can sig-
nificantly modify low energy predictions for the effective couplings of light fields. For
example, in a class of heterotic superstring vacua with an anomalous U(1) the vacuum
restabilization introduces such decoupling effects which in turn correct the low energy
predictions for certain couplings by 10-50%.
In principle the decoupling effects of heavy fields in field theory are well understood.
According to the decoupling theorem [1] (for additional references see, e.g., [2]) in field
theory of interacting light (with masses m) and heavy fields (with masses M) the heavy
fields decouple; the effective Lagrangian of the light fields can be written in terms of the
original classical Lagrangian of light fields with the loop effects of heavy fields absorbed into
redefinitions of new light fields, masses and couplings, and the only new terms in this effective
Lagrangian are non-renormalizable ones, proportional to inverse powers of M (both at tree-
and loop-levels).
When field theory is an effective description of phenomena at certain energies, the rescal-
ing of the fields and couplings due to the heavy fields does not affect the structure of couplings,
since those are free parameters whose values are determined by experiments. On the other
hand if the field theory is describing an effective theory of an underlying fundamental theory,
like superstring theory, where the couplings at the string scale are calculable, the decoupling
effects of the heavy field can be important and can significantly affect the low energy pre-
dictions for the couplings of light fields at low energies. Therefore the quantitative study
of decoupling effects at the loop-level in effective supersymmetric theories is important; it
should improve our understanding of such effects for the effective Lagrangians from super-
string theory and provide us with calculable corrections for the low energy predictions of the
theory.
Effective theories of N = 1 supersymmetric four-dimensional perturbative superstring
vacua can be obtained by employing techniques of two-dimensional conformal field theory [3].
In particular the ka¨hlerian and the chiral (super-) potential can be calculated explicitly at the
tree level. (For a representative work on the subject see, e.g., [4, 5], and references therein.) 1
One of the compelling motivations for a detailed study of decoupling effects is the phe-
nomenon of vacuum restabilization [6] for a class of four-dimensional (quasi-realistic) super-
string vacua with an “anomalous” U(1). For such string vacua of perturbative heterotic string
theory, the Fayet-Iliopoulos (FI) D- term is generated at genus-one [7], thus triggering cer-
tain fields to acquire vacuum expectation values (VEV’s) of order MString ∼ ggaugeMP lanck ∼
×1017 GeV along D- and F - flat directions of the effective N = 1 supersymmetric theory. 2
(Here ggauge is the gauge coupling and MP lanck the Planck scale.) Due to these large string-
scale VEV’s a number of additional fields obtain large string-scale masses. Some of them
in turn couple through (renormalizable) interactions to the remaining light fields, and thus
1While the superpotential terms calculated at the string tree-level are protected from higher genus cor-
rections, the ka¨hlerian potential is not. Such higher genus corrections to the ka¨hlerian potential could be
significant, however, their structure has not been studied very much.
2On the open Type I string side these effects are closely related to the blowing-up procedure of Type I
orientifolds and were recently studied in [8].
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through decoupling effects, affect the effective theory of light fields at low energies. (For the
study of the effective Lagrangians and their phenomenological implications for a class of such
four-dimensional string vacua see, e.g., [9]–[10] and references therein.)
The tree level decoupling effects within N = 1 supersymmetric theories, were studied
within superstring theory in [11]. In a related work [12] it was shown that the leading order
corrections of order 1
M
are to the effective superpotential, however there are also important
next order effects in the effective superpotential [13]. In addition, in [13] the nonrenormal-
izable modifications of the Ka¨hler potential (also pointed out in [14]) were systematically
studied. These tree level decoupling effects (as triggered by, e.g., vacuum restabilization for a
class of string vacua) lead to new nonrenormalizable interactions which are competitive with
the nonrenormalizable terms that are calculated directly in the superstring theory.
The main purpose of this paper is to address the one-loop decoupling effects in N = 1
supersymmetric theory. The main motivation for this study is that such effective Lagragians
arise naturally as subsectors of an effective theory for a class superstring vacua with an
anomalous U(1); vacuum restabilization triggers couplings between heavy fields with mass
scale M ∼ 1017 GeV and the light (massless) fields. We specifically concentrate on the
effects of chiral (gauge neutral) superfields. (We do not include supergravity effects and soft
supersymmetry breaking effects which could be significant.) For the sake of simplicity and to
illustrate the effects clearly, we shall consider a specific toy model with only one light and one
heavy chiral superfield and a specific renormalizable form of their interactions. (A systematic
presentation of the derivation of the results and applications to more general models will be
given elsewhere [15].)
The starting point is the effective theory with (gauge neutral) N = 1 chiral superfields
Φi whose action is of the form:
S[Φ, Φ¯] =
∫
d8zK(Φ¯i,Φi) + (
∫
d6zW (Φi) + h.c.) , (1)
where Φi = Φi(z), zA ≡ (xa, θα, θ¯α˙); a = 0, 1, 2, 3; α = 1, 2, α˙ = 1˙, 2˙, d
8z = d4xd2θd2θ¯. Real
function K(Φ¯i,Φi) is called ka¨hlerian potential and holomorphic function W (Φi) is called
chiral potential [16]. We refer to the action (1) as a general chiral superfield model. It is the
most general model constructed from chiral superfields and contains no higher derivatives
at component level. (The model (1) can be interpreted as a subsector of an effective theory
at energy scales µ ≪ MString, derived from an underlying fundamental theory– superstring
theory; potentials K(Φ¯i,Φi), W (Φi) are calculable in superstring theory.)
We shall investigate the effective Lagrangian (1) with the light and heavy chiral super-
fields, with interaction terms that involve both. We shall calculate the one-loop superfield
effective potential and eliminate the heavy superfields by their equations of motion containing
3
one-loop quantum corrections. Subsequently we shall study the implications of the obtained
effective action of the light superfield, only.
Though the calculations can be carried out with arbitrary functions K(Φ¯i,Φi) andW (Φi)
(again, these generalizations will be given elsewhere [15]) we restrict ourselves for simplicity
to the so called minimal case where
K(Φ, Φ¯, φ, φ¯) = ΦΦ¯ + φφ¯ , (2)
and
W =
M
2
Φ2 +
1
2
λΦφ2 +
g
3!
φ3 . (3)
Here M is a mass of heavy superfield Φ, the light superfield φ is assumed massless. Hence
the total classical action is of the form:
S =
∫
d8z(ΦΦ¯ + φφ¯) + (
∫
d6z[
M
2
Φ2 +
1
2
λΦφ2 +
g
3!
φ3] + h.c.) . (4)
Let Γ[Φ, Φ¯, φ, φ¯] be the effective action of the model under consideration. In terms of the
expansion in powers of the covariant derivatives the effective action can be written as
Γ[Φ, Φ¯, φ, φ¯] =
∫
d8zKeff (Φ, Φ¯, φ, φ¯) + (
∫
d6zWeff (Φ, φ) + h.c.) + . . . , (5)
where the dots denote the terms that depend on covariant derivatives. The functions Keff
and Weff are the ka¨hlerian and chiral effective potential, respectively [16]. One can show
that quantum corrections toWeff begin at two-loops. [16, 17]. Thus at the one-loop level the
contributions are restricted to the kh¨lerian potential, only: Keff(Φ, Φ¯, φ, φ¯) = K(Φ, Φ¯, φ, φ¯)+
K(1)(Φ, Φ¯, φ, φ¯) where K is the classical ka¨hlerian potential and K(1) is the one-loop quantum
correction.
We follow the following (standard) strategy. We determine the heavy superfields by
solving the their equations of motion in a theory with the one-loop corrected effective action.
The obtained solution for heavy superfields is then inserted into the effective action. The
result is the effective action Seff [φ, φ¯] of light fields, only
3. (The same procedure for pure
classical theory, i.e., Keff = K has been employed in [13].)
3To be more precise, one should insert the solution for the heavy superfields into equations of motion for
light superfields and then derive the effective action of light fields which would precisely reproduce the latter
equations of motion. We checked that in the case under consideration the result is the same as in the case of
directly substituting the solution for heavy superfields into the original one-loop corrected effective action.
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The equations of motion for heavy superfields in the case under consideration have the
form
−
1
4
D¯2(Φ¯ +
∂K(1)
∂Φ
) +MΦ +
λ
2
φ2 = 0 , (6)
and the complex conjugate equation. We solve these equations by iterations in inverse powers
of the mass parameter M by expanding Φ = Φ0 +Φ1 + . . .+Φn + . . ., where Φ0 = −
λφ2
2M
and
Φn ∼
1
Mn
. Substituting the expansion of Φ into eq. (6) one obtains
MΦn+1 =
D¯2
4
(Φ¯n +
∂K(1)
∂Φ
|Φ=Φ0+...+Φn −
∂K(1)
∂Φ
|Φ=Φ0+...+Φn−1) , (7)
and an analogous equation for Φ¯n+1. In principle, these equations allow one to find the n-th
order corrections Φn in an explicit form.
We now turn to the calculation of K(1). We employ the technique for the computation of
the superfield effective potential developed in refs.[18]. The one-loop correction Γ(1) to the
effective action can be written as
eiΓ
(1)
=
∫
Dφ¯qDφqDΦqDΦ¯qe
iS2[φ,φ¯,Φ,Φ¯;φq,φ¯q,Φq,Φ¯q] , (8)
where we split the original superfields into the background ones: φ, φ¯,Φ, Φ¯ and the quantum
ones: φq, φ¯q,Φq, Φ¯q, by using the rule φ→ φ+ φq, φ¯→ φ¯+ φ¯q, Φ→ Φ+Φq, Φ¯→ Φ¯+ Φ¯q. S2
is a part of the classical action quadratic in the quantum superfields. The path integral (8)
is taken over the chiral superfields. It can be transformed into a path integral over general
superfields u, v (for details, see refs. [16, 18]):
S[u, v] =
1
2
∫
d8z
{
v(✷−
1
4
(λΦ+ gφ)D¯2 −
1
4
(λΦ¯ + gφ¯)D2)v +
+ 2u(−
1
4
λφD¯2 −
1
4
λφ¯D2)v + u(✷−
1
4
MD¯2 −
1
4
MD2)u
}
. (9)
Eq. (8) leads to
Γ(1) =
i
2
Tr log∆ ,
∆ = ✷12 +
(
−1
4
(λΦ+ gφ)D¯2 − 1
4
(λΦ¯ + gφ¯)D2 −1
4
λφD¯2 − 1
4
λφ¯D2
−1
4
λφD¯2 − 1
4
λφ¯D2 −M
4
(D¯2 +D2)
)
. (10)
Here 12 is a unit 2 × 2 matrix, and the operator ∆ acts in the space of general superfields.
In order to cancel the divergencies in the effective action (8) we add to the initial action (4)
5
the one-loop counterterm S
(1)
ct =
1
16π2ǫ
(|λΦ + gφ|2 + 2λ2|φ|2), with ǫ being a parameter of
dimensional regularization. In the following we further consider the renormalized effective
potential Keff .
Since we are interested only in the ka¨hlerian effective potential we can set all the back-
ground superfields to be constant. Then one can use the superfield proper-time technique
[16, 18] and obtain the following form of the one-loop correction to the ka¨herian potential:
K(1) = −
1
32π2
(
(|λΦ+ gφ|2 + 2λ2φφ¯+M2 + (11)
+
√
(|λΦ + gφ|2 −M2)2 + 4|λ2Φφ¯+ λMφ + λg|φ|2)|2)×
× log
(|λΦ+ gφ|2 + 2λ2φφ¯+M2 +
√
(|λΦ+ gφ|2 −M2)2 + 4|λ2Φφ¯+ λMφ + λg|φ|2|2)
µ2
+
+ (|λΦ + gφ|2 + 2λ2φφ¯+M2 −
√
(|λΦ+ gφ|2 −M2)2 + 4|λ2Φφ¯+ λMφ + λg|φ|2|2)×
× log
(|λΦ+ gφ|2 + 2λ2φφ¯+M2 −
√
(|λΦ+ gφ|2 −M2)2 + 4|λ2Φφ¯+ λMφ + λg|φ|2|2)
µ2
)
.
This is the focal result of the paper. As a result, the low-energy effective action with one-loop
quantum corrections has the form
Γ(1) =
∫
d8z(φφ¯+ ΦΦ¯ + h¯K(1)[φ, φ¯,Φ, Φ¯]) + (
∫
d6z(
M
2
Φ2 +
λ
2
Φφ2 +
g
3!
φ3) + h.c.) , (12)
where K(1) is given by eq. (11). In order to keep track of the one-loop (quantum) effects,
here and in the following we display explicitly the Planck constant h¯.
We now solve the equations of motion for heavy superfields with the one-loop corrected
effective action obtained above. As explained earlier, we solve eqs. (6)-(7) via an iterative
method. In the leading order, one obtains
Φ = −λ
φ2
2M
−
h¯D¯2
64π2M
(
λgφ¯(1 + log
2g2|φ|2
µ2
)
)
+O(
1
M2
) . (13)
Substituting the above value for Φ into eq. (11) leads to the following expression:
K(1) = −
1
32π2
{
4λ2|φ|2(1 + log
2M2
µ2
) + 2g2|φ|2 log
2g2|φ|2
µ2
−
−
1
M
[
2λ2g(φ+ φ¯)|φ|2 log
g2|φ|2
M2
+ (14)
+ 2λ2g{φ¯(−
φ2
2
+
gh¯
64π2
D¯2[φ¯(1 + log
2g2|φ|2
µ2
)]) + h.c.}
]}
+O(
1
M2
) .
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A substitution of Φ from eq. (13) into the chiral potential W (φ,Φ) leads to the following
effective chiral potential for the light superfield:
Weff =
g
3!
φ3 −
1
8
λ2φ4
M
+
λ2g2
2M
{ h¯D¯2
64π2
(φ¯(1 + log
2g2|φ|2
µ2
))
}2
+O(
1
M2
) . (15)
As a result, we can now write the one-loop corrected effective action for light superfields, up
to the order 1
M
, in the following form:
Seff [φ, φ¯] = S
(0)
eff [φ, φ¯] + S
(1)
eff [φ, φ¯] , (16)
where S
(0)
eff [φ, φ¯] is the effective action at the zeroth-order in the expansion in powers of the
inverse mass M . It takes the following form:
S
(0)
eff [φ, φ¯] =
∫
d8z(φφ¯−
h¯
32π2
(4λ2|φ|2(1 + log
2M2
µ2
) + 2g2|φ|2 log
2g2|φ|2
µ2
) +
+ (
∫
d6z
g
3!
φ3 + h.c.) , (17)
and S
(1)
eff [φ, φ¯] is the effective action at the first-order in
1
M
expansion and it is of the form:
S
(1)
eff [φ, φ¯] = −
h¯
32π2M
∫
d8z
{
− 2λ2g(φ+ φ¯)|φ|2 log
g2|φ|2
M2
+
+ 2λ2g{φ¯(−
φ2
2
+
h¯g
64π2
D¯2[φ¯(1 + log
2g2|φ|2
µ2
)]) + h.c.}
}
+
+
1
M
{ ∫
d6z
(1
8
λ2φ4 − λ2g2
[ h¯D¯2
64π2
(φ¯[1 + log
2g2|φ|2
µ2
])
]2)
+ h.c.
}
. (18)
Eqs. (16)-(18) are our final technical results, which are in agreement with the decoupling
theorem. Namely, the heavy superfields at the zeroth-order in 1
M
expansion decouple from
the effective theory; the effective action of light superfields at the zeroth order is described by
the Lagrangian where all the effects of the heavy superfields are contained in the redefinition
(rescaling) of the parameters of the model, i.e., fields, masses, and couplings [1, 2]. In
particular, let us rescale the light superfield φ in eq. (17) as φ˜ = Z1/2φ, where Z = 1 −
h¯
32π2
4λ2(1 + log 2M
2
µ2
) , in order to transform the kinetic energy term to a canonical form. We
also rescale the coupling g as g˜ = Z−3/2g. After these transformations the effective action of
light superfields indeed takes the form
Seff [φ, φ¯] =
∫
d8z|φ˜|2 + [
∫
d6z
1
3!
g˜φ˜3 + h.c.]−
h¯
32π2
∫
d8z2g˜2|φ˜|2( log
2g˜2|φ˜|2
µ2
) +O(
1
M
), (19)
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i.e., this is the one-loop corrected effective action of the light fields that one would have
obtained within the theory of light fields, only. Let us also point out that the logarithmic
term of the form in eq. (19) is due to the quantum corrections of the self-interaction term
(∝ g) of light superfields, only; this is the well-known Coleman-Weinberg one-loop correction
to the effective potential due to light superfields, only.
We turn to the interpretation and to determine the implications of the one-loop effective
action (16) – (18) when the effective field theory is derived from a fundamental theory, like
superstring theory where the original couplings are calculable. In this case the rescaling of
the fields and the couplings, performed above, has important implications for the quantitative
predictions for the effective couplings at low energies.
Let us further illustrate the significance of these effects by imposing the renormalization
condition log 2M
2
µ2
= −1 in order to cancel a term proportional to λ2 in the zeroth-order of
1
M
expansion, i.e., this renormalization condition eliminates in the effective action the effect
of a term responsible for the interaction between the heavy and light superfields. One then
arrives at the effective action
Seff [φ, φ¯] =
∫
d8z(φφ¯ −
h¯
16π2
g2|φ|2 log
g2|φ|2
eM2
) + (
∫
d6z
g
3!
φ3 + h.c.)−
−
1
M
{ h¯
32π2
∫
d8z
[
− 2λ2g(φ+ φ¯)|φ|2 log
g2|φ|2
M2
+
+ 2λ2g{φ¯(−
φ2
2
+
h¯g
64π2
D¯2[φ¯(1 + log
g2|φ|2
eM2
)]) + h.c.}
]
+
+
[ ∫
d6z
(1
8
λ2φ4 − λ2g2
[ h¯D¯2
64π2
(φ¯[1 + log
g2|φ|2
eM2
])
]2)
+ h.c.
]}
. (20)
(Here e = exp(1)). Note that the effect of the quantum corrections in the above action grows
logarithmically with logM and is of the form
−
h¯
32π2
2|gφ|2
(
log
2|gφ|2
eM2
)}
+O(
1
M
) , (21)
thus, reconfirming that the decoupling effects can be significant.
Alternatively, we can keep µ free, and the the effective theory (16) – (18) can be viewed
as specified at low energies µ ≪ M . Again, the obtained effective action (17) has quantum
corrections that are proportional to log 2M
2
µ2
, i.e., these corrections grow as log M
µ
when M
µ
→
∞.
Within superstring theory the above corrections can now have sizable calculable predic-
tions for the low energy couplings. Let us illustrate the effect within a class of perturbative
8
heterotic string models with an anomalous U(1); after the vacuum restabilization there are
in general renormalizable interactions between the light and heavy fields, with the mass of
orderM ∼MString ∼ 10
17 GeV . The one-loop decoupling effects can significantly change the
low energy predictions for the couplings at the electro-weak scale (µ ∼ 1 TeV). For example,
in a class of string models discussed in, [9]–[10], typical values of the couplings, calculated
at MString, are λ = g = ggauge. Here ggauge ∼ 0.8 is the value of the gauge coupling at at
MString. Renormalization group equations then determine the values of λ and g couplings
at low energies µ. (For fields charged under the non-Abelian gauge group factors such large
tri-linear couplings are driven to the infrared fixed points governed by the infrared values of
the non-Abelian gauge couplings.) Due to the above one-loop decoupling effects there is now
also an additional correction to the effective tri-linear coupling g for the light fields; it is of
the order of λ(µ)
2
16π2
log M
2
µ2
∼ 0.26. (We used the typical valuesM ∼ MString ∼ 10
17 GeV, µ ∼ 1
TeV and λ(µ) ∼ 0.8.) This specific example illustrates that due to the one-loop decoupling
effects, the actual predictions for the tri-linear couplings at low energies could be corrected
by 10− 50%!
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